High-pressure die casting oers reduced costs due to its small tolerances and smooth surface nish. Casting parts produced are consumed by the automotive industry in millions. In this study, the use of computer aided engineering applications on design of high-pressure die-casting was studied. The inuence of casting process steps in die design was studied and analyzed. The casting simulation software was used to improve design and solve problems. By using the simulation software in analyses of die design, the nal design was reached in a few hours and thus the design process of pre-production was shortened and mold production was carried out with no revision on die material. Radiographic test was applied on the casting parts and the result shows good correlation between simulations of solidication result data. Also the results proved that the application of squeeze pressure in the intensication phase of high-pressure die casting process could be examined in the casting simulation.
Introduction
The goal of any manufacturing industry is to minimize the processing steps to produce a more economicalnal product. This goal is accomplished by the so-called net shape manufacturing. Die casting using a horizontal cold chamber machine is currently the most common process for manufacturing near net shape cast components of aluminum and magnesium alloys [1] . Also the pressure die casting has the greatest capability for reproducibility of dimensions [2] . Approximately half of all castings worldwide made of aluminum alloys manufactured in this way are used for a wide range of automotive parts and the other consumer goods [3] . In horizontal cold chamber process, the liquid metal was pushed by a plunger through a horizontal shot sleeve and injected into a mold [1] . The injection of liquid metal is generally at high velocities promoting turbulent ow that can result in air entrapment with the initial air in the mold [4] . The presence of gas porosity in castings is harmful as the mechanical properties and pressure tightness are adversely aected [5] .
To remove the initial air in the mold, ventilation channels and to remove the air entrapped liquid metal, overows are used in high pressure castings' die design. The injection of liquid metal is carried out in two separate steps that are slow and fast shot phases. In the slow shot phase, the plunger forces the liquid metal to rise and ll the empty portion of the shot sleeve. The fast shot phase is the injection of liquid metal to the mold cavity in milliseconds. So the computer simulation is very necessary for controlling the cavity ll and the determination of * corresponding author; e-mail: lkumru@cumhuriyet.edu.tr by casting simulation. By using the simulation software, the designer can get experience and would be freed from the disadvantages of cost and time-consuming. In Fig. 3a and b the ll patterns with two dierent ingates were examined. Accounted for due to the ll patterns, there are trapped air regions where the ventilation is not possible.
To avoid this kind of defects, single and emitter type ingate has been added to the model. Again, while selecting the position of ingate, the direction of solidication in casting part was investigated. Accordingly, one of the appropriate two-piece at surface was chosen because the shaft bearing region caused a thin section and early solidication occurs on the feeding path. This is known as the ingate blockage and has been detected by researchers in dierent studies by using pressure sensors [5] . The ll pattern with the single and emitter type ingate is shown in Fig. 4 . After determining the type and location of the ingate, the ll time for the mold cavity and cross-sectional area has to be calculated.
This cross-sectional area determines the ow velocity of the liquid metal at the ingate and inside the mold cavity. The high speeds of liquid metal causes erosion in the mold and to prevent this defect there are velocity limits variances due to alloy given in Table. According to literature the ll time was found from Table due to these results, the ventilation channels and overows on the end of these channels were added to the design as shown in Fig. 5 .
When the lling simulation of the revised design was analyzed, colliding streams were seen at the top of the core (Fig. 5a ). In order to avoid both the collision at the top of the core and the possible turbulences on the top lateral mold walls, overows have been added to the mold cavity. Also the change in the ll pattern was aimed by adding these overows (Fig. 5b) . When the lling simulation of nal design was examined, we saw that the actual collision at the top of core was unavoidable. But remove of turbulence melt (due to the collision) to the top overow pocket was determined according to the lling simulation results. Finally, in the results of complete simulation (the compression force was dened) of thenal mold design there was no shrinkage defect seen due to the compression of liquid metal.
Radiographic testing
After cutting runner and overows from the part, radiographic examination was carried out. The radio- 
